ABSTRACT A cohort of 3805 men who had worked for at least one year in the particleboard, plywood, sawmill, or formaldehyde glue industries between 1944 and 1965 was followed up until 1981. From within the cohort the 57 patients with verified "respiratory" cancer 141, were defined as "cases," and 171 men without respiratory cancer from within the cohort were matched on birth year and used as controls. The comparison of exposures was carried out according to work histories and job exposure matrices for each plant. The odds ratio for exposure to wood dust was 1 03 (32 exposed cases) without provision for any latent period, and 0'97 (27 exposed cases) when provision for a minimum latent period of ten years was applied. The odds ratios were 1 60 and 1 68, respectively, when smoking was controlled by stratification. These results did not differ significantly from unity. The estimated average level of exposure to wood dust among the exposed was 1-2 mg/m3 and the mean duration of exposure about ten years. Significantly (one sided test, 5% level) raised odds ratios were observed for exposure to pesticides and phenol. No single pesticide could be identified as "causative" because of frequent multiple exposures. The raised odds ratios for phenol were partly explained by smoking and exposure to pesticides which confounded the observed associations for phenol exposure. Exposure to terpenes and other heating products of coniferous woods was significantly associated with a risk of respiratory cancer when the duration of exposure exceeded five years.
forklift trucks have also been present in the plants since the late 1950s. Exposure to the potent carcinogen bis-chloromethyl ether (BCME) may have occurred. The thermal degradation products of glues and volatile components of coniferous woods have also been present in the air, but little is known of the possible carcinogenicity of these compounds.
Epidemiological studies of possible cancer risks in plywood and particleboard plants are few. A mortality study from the state of Washington showed statistically significant increases in mortality from cancer of the stomach and from leukaemias among plywood workers. The observed number of stomach cancers was 32 (20-9 expected) and that of leukaemias 23 (11.9 expected). The author concluded that inhaled or inAccepted 17 June 1985 gested wood dust or breakdown products of wood could have caused these excesses.5 A Swedish register based study showed a significant increase only in the incidence of breast cancer among female plywood and fibreboard workers (11 observed, 3 9 expected), but it is difficult to connect this finding with any chemical exposure. No excess of respiratory cancer was observed and no nasal cancers were found, the expected value being 1H .6
The possible cancer risks in sawmills are insufficiently explored. Respiratory cancers and chemical exposures in the wood industry chlorophenols was given in that study. 12 In the Swedish study workers in sawmills and planing mills had a slight excess of Hodgkin's disease (25 cases observed, 20-3 expected) and of cancer of the lip (37 v 24-8). There was no excess of nasal cancers (6 v 6 3) nor of cancer of the lower respiratory organs (125 v 158.3).6
The present study deals with possible associations between cancers related to the respiratory tract and the main chemical exposures in the particlewood, plywood, sawmill, and formaldehyde glue industries. There was no association with exposure to formaldehyde. 13 Some other associations, however, were found and we report these data.
Material and methods

DESIGN
The cohort based case-control design was adopted. Both the cases and the controls were selected from a cohort base of an average 25 year retrospective follow up of male production workers in the particleboard, plywood, sawmill, and formaldehyde glue industries. A request for histological or cytological specimens was addressed to the respective hospitals and laboratories, and in 49 cases specimens were available. These were re-evaluated by the pathologist of our team (JN). Necropsy and hospital protocols were studied for the 11 cases lacking histological or cytological samples. Two cases were rejected due to a false preliminary diagnosis of cancer and one as having chronic lymphocytic leukaemia. The final size of the group of cases was thus 57.
Three control subjects for each case (171 men in all) were selected from within the cohort and they were individually matched to each case by birth year. Each control subject had to be alive and free from respiratory cancer at the date of diagnosis of the corresponding case. The selection of the controls was random within these constraints. The exposure histories were assessed for each control until the month of diagnosis of his matched case.
EVALUATION OF EXPOSURES
The job exposure matrix (JEM) approach was used to determine exposures. An occupational hygienist (TK) constructed plant specific JEMs for all 12 prevalent exposing agents and for every calendar year of the follow up period. The hygienic data of the plant, general hygienic data on exposures, and information on ventilation, work procedures, and other relevant factors at the plants were used in the construction of JEMs. Each plant was visited, and supervisors or workers with long experience were interviewed. In two plywood plants, one particleboard plant, and in one sawmill, measurements were made of some air contaminants for which earlier quantitative data were lacking. The JEMs were constructed systematically on the basis of preset exposure criteria and without any knowledge of the case-control status of the individual workers.
The work histories of the cases and controls were assessed independently of the construction of JEMs and by a different person (ES) for the purpose of minimising information bias in the evaluation of exposure. Work histories were based as much as possible on plant registers which were considered to give equally accurate information ofjobs for the cases and controls. Because the job descriptions were sometimes inaccurate or lacking in the plant registers, however, plant personnel were used as an additional source of information to specify or confirm the work history of the subjects. Neither the case-control status nor the exact hypothesis of the study were conveyed to those interviewed. Postal questionnaire responses of the cases, controls, or their relatives also included information on the jobs, but they were used only to check if the work history included other jobs with probable exposure to the studied chemical agents, and to obtain data on smoking. The jobs of the subjects obtained with the procedure mentioned were coded into the occupational categories used in the JEMs. The JEMs included in all 73 occupational categories which were internally homogeneous regarding the exposures.
The linking of work history data and JEMs was carried out by means of a computer program that calculated several exposure indices for every case and Kauppinen, Partanen, Nurminen, Nickels, Hernberg, Hakulinen, Pukkala, and Savonen control. The basic indicators of wood dust exposure were the estimated mean level (mg/m3) and cumulative dose (product of level and exposure time, summed over all exposure periods; mg/m3-years). At least one month of exposure time to wood dust was required for the inclusion of a person into the "exposed" category. The hygienic data on wood dust enabled three exposure levels to be classified: low (0 1-1 mg/m3), moderate (1-5 mg/m3), and high (over 5 mg/m3). A similar method was used in the construction of exposure indices to chlorophenols. Some of the general exposure data of exposure to wood dust and chlorophenols have been reported in more detail elsewhere.'5 16 Other exposures were determined qualitatively (yes/no) and as a function of exposure time.
Exposure through the skin (pesticides, chlorophenols, phenol) and inhalation exposure ofdust containing chemicals were also considered. Potential exposure to bis-chloromethyl ether was considered possible in departments where urea-formaldehyde resins, which contain ammonium chloride, were used.
Smoking histories were determined by means of a postal questionnaire mailed to living cases and controls, and to close relatives of those who had died. The data were completed by a telephone interview if necessary. Information on smoking was obtained for 39 cases (68%) and 130 controls (76%). Questions were asked on the type of smoking (cigarettes/pipe/cigars), mean consumption of cigarettes, years of smoking, and ages when starting and ceasing smoking.
STATISTICAL METHODS
The cases and controls were tabulated according to exposure to chemicals as such and stratified according to the duration of smoking in order to control possible confounding effects. Because there were rather few non-smokers, especially among the cases, the division was made between "light" smokers and "heavy" smokers instead of smokers and nonsmokers. The division could not be made according to "dose" (pack-years) because the question concerning the amount of smoking was rather incompletely answered. Data on years of smoking were more complete and therefore "heavy" smokers were defined as those having smoked for overA3 5 years.
The odds ratio estimates (OR) were calculated by the maximum likelihood method derived by Gart,"7 with confidence limits using Cornfield's procedure."8
The significance level adopted was one sided alfa = 0 05, correspo ding to the calculated 90% confidence limits of the Oks.
The data also allowed the stratification of exposure to wood dust and chlorophenols according to t-he estimated level and dose of exposure. Other chemical agents could be stratified according to the duration of exposure. Mantel's extension of the Mantel-Haenszel test was applied in the assessment of the exposureresponse relations.'9 The categories of exposure were scored using the medians of exposure time (in years) in the trend analyses.
Although the work history information was collected mainly from plant registers and with similar methods for every subject, there was evidence of different degrees of completeness in work histories between living and dead subjects. More detailed information was obtained from living subjects as measured by the number of jobs mentioned during a similar follow up period. Because there were considerably more living people among the controls (67%) than among the cases (5%), the data were stratified by survival status to achieve a roughly symmetrical level of accuracy in the work history information.
Matching was dismissed in the analyses because stratified tabular analyses could not be done with matching retained. Conditional multiple logistic analysis was attempted but difficulties in interpretation arose, mainly because of relatively high correlations in the data between some independent variables.
In some analyses provision for "latent" periods was attempted by excluding exposures during the 10 years immediately preceding the diagnosis of the cases. For the controls, correspondingly, exposures during the 10 years before the diagnoses of the respective cases were excluded in these analyses. Table 1 shows the ds for different exposures stratified according to survival status and years of smoking. Some of the observed ORs for exposure to pesticides, phenol, and exhaust gases were statistically sipificant at the 5% level (one sided). In particular,
Results
ORs of exposure to pesticides in wood dust with provision for a latent period of 10 years were high, 13-1 and 11-8 without and with adjustment for years of smoking. No confounding by birth year was present (correlation coefficients between birth year and exposure indicators varied between -0-11 and 0-04 in the controls). Table 2 shows in more detail the exposure of the cases to pesticides. It was not possible to identify the possible causative chemical agents due to multiple exposures and the rather small number of exposed cases. The most common commercial chemicals used were Tancas C (produced in Great Britain) and Antim6gel and Basileum SPI (produced in Federal Republic of Germany). Table 3 shows the results of the trend analysis of Below 5 mg/m3-years *Statistically significant at the 5% level (one sided).
Respiratory cancers and chemical exposures in the wood industry occupations can be found, however: for sawing and edging and peeling department heavy exposure to terpenes and other heating products of coniferous woods is common.
Discussion
It is well established that hardwood dust causes nasal adenocarcinoma.7 In a Scandinavian study an association was also found between nasal and sinus paranasal cancer and exposure to softwoods (mainly pine and spruce, but birch was also included). 20 Rang and Acheson observed a correlation between the dustiness of work and the incidence of bronchial cancer among furniture workers in England,2" but this correlation disappeared when the same cohort was followed up further. 22 The present study did not show any associations between exposure to wood dust and respiratory cancers. Some Swedish studies have shown a connection between exposure to chlorophenols and soft tissue sarcomas and malignant lymphomas.8 -10 An association with nasal and nasopharyngeal cancers has also been suggested."I No reliable information of a possible connection between exposure to chlorophenols and cancers of the lower respiratory tract has been published to our knowledge. The present study did not show any indications of such an association. Because the number of exposed cases was small, however, the statistical power of this study is weak, and a low risk cannot be excluded. Another reason for cautious interpretation is that only sawmill workers were coded as exposed to chlorophenols because their exposure is rather well defined and they are not exposed to other pesticides. Some plywood workers, however, may also have been exposed to a mixture of pesticides including chlorophenols (sWe table 2).
Significantly increased Oks were observed for exposure to pesticides used in plywood plants when a latent period of ten years was applied. This result could not be explained by smoking. An exposureresponse relation was observed for pesticides as such and as attached to wood dust. The pesticides used in the 1960s in manufacturing plywood include known or suspected carcinogens such as inorganic arsenic, chromates, chlorophenols, aldrin, and lindane. It seems reasonable to conclude that the observed excess was probably caused by occupational exposure to pesticides.
Significantly increased but inconsistent Cks were observed for exposure to phenol. For these, chance or some factor other than exposure to phenol is possibly responsible, as provision for a l tent period of ten years resulted in lower values of OR, and the duration of exposure had no effect. Phenol and other phenolic compounds may exert a promotor activity23; this may be of practical importance if exposure to initiators occurs. Exposure to possible initiators such as certain pesticides and form,nldehyde is quite common in plywood plants. The Oks of phenol are also confounded by exposure to pesticides. When the workers exposed to both phenol and pesticides were excluded, the observed Ok decreased from 4 9 (significant) to 2-6 (not significant).
There is evidence that exhaust gases contain a wide range of carcinogens such as polycyclic aromatic hydrocarbon § and related compounds.24 In this study only one OR for exposure to exhaust gases of forklift tr ucks was significantly raised. The slightly increased Oks were partly explained by smoking differences. They were not dose related as measured by the duration of exposure and they decreased when a latent period of ten years was used.
The Oks for terpenes and other heating products of coniferous woods were non-significantly increased but significantly correlated with the duration of exposure. This could not be explained by differences in smoking habits. In addition, there was a concentration of cases to jobs with heavy exposure. Typical air contaminants in these jobs are. sawing vapours in sawmills or drying fumes in plywood plants. The sawing vapours are known to consist mainly of monoterpenes such as a-pinene, f-pinene, and A-carene. 25 Terpenes can react with atmospheric ozone to form allergenic and unstable hydroperoxide compounds.26 The drying fumes of coniferous veneers contain not only monoterpenes but also a complex mixture of other compounds-for example, derivatives of abietic, pimaric, and other resin acids of wood. 27 The possible risk of cancer associated with volatile components of coniferous woods is still unknown and requires further study.
Much effort was devoted to the avoidance of biases, especially information bias in the determination of exposures (see "Evaluation of exposures"). The work histories of those who had died, however, were somewhat less complete than for those living. Because matching by survival status was not made, less complete information on the jobs, and consequently on exposures, was obtained for the cases (mostly dead) than for the controls (moRtly alive). The bias was corrected by adjusting the ORs by survival status.
The effect of misclassification of exposures is probably small due to the detailed and checked JEMs used. Although the entire work histories were collected by a mailed questionnaire, the jobs held outside the plants studied were 
